Abstruct -An integrated-circuit antenna array has been developed that images both polarization and intensity. The array consists of a row of antennas that lean alternately left and right, creating two, interlaced subarrays that resportd to different polarizations. 'Ihe arrays and the bismuth bolometer detectors are made by a photoresist shadowing teefmique that requires only one photolithographic mask. The array has measured pcdarization at a wavdength of 800 pm with an absolute accuracy of 0.8°and a relative precision df 7 arc mi~and has demonstrated nearly diffractionIimited resolutiort of a 20" step in polarization.
is a photograph of an array in its package. All the antennas are linearly polarized. The idea is that there are effectively two interlaced subarrays (leftIeaning and right-leaning) that sample two different polarization components of the image. We can recover the two components everywhere by interpolating between samples. Once the two components are known, the polarization can be calculated at all positions. The spacing between antennas should be small enough to achieve the diffraction-limited resolution of the optics. Rutledge et al. show that, in order to achieve diffractionIimited resolution in ordinary imaging arrays, the intervals must be no greater than Ad f '/2, where A~is the dielectric wavelength and~# is the system f-number
[13]. In [13], this The reason is that, under these conditions, the changes in the video detector signal become proportional to the electric field and the spacing requirements become those of an ordinary array with heterodyne detection. This is significant in plasma magnetic-field measurements, where the field intensity is kept relatively uniform across the object and the Faraday rotation angles are small (<100). Later, we will see this effect for a step polarization change of 20°.
To see this mathematically, consider an image which we characterize by an intensity 1 and polarization angle @ that are functions of the position x, The antennas in the polarimeter array receive power P given by
where A is an effective area for the antenna and 8 is the polarization axis of the antenna. The -sign applies if the antenna leans to the left, and the + sign applies if the antenna leans to the right. For small @, we may write this as should be large enough so that these spectra do not overlap, This will allow us" to recover the polarization angle +(x), If 1 is slowly varying, its spectrum will be narrowband, and the spectrum of 10 will be only slightly wider than that of +. In this case,~, must be slightly higher than twice the highest spatial frequency of +. When @ is small, it is proportional to the component of the electric field perpendicular to the @xis as shown in Fig, 2 . This means that the diffractionIirnited cut-off frequency for @ is the same as the cutoff frequency for fields given by l/(2 Ad~*) [13] . The required sampling period, or antenna spacing, is then Ad f *. This argument has been given for video detection, but the result is the same for heterodyne detection.
To recover +, we filter the data to recover 1 and 10 separately, and then divide the latter by 1 to get the polarization angle @ that we seek. In our measurements, where the intensity does not change in time, we normalied the response of each detector so that it was not necessary to filter for 1 or divide it out. The filter we used to recover @was to take the difference between an antenna signal and the mean of the signals on the adjacent antennas. This gives the normalized filter response sinz ( m-f/~) shown in Fig. 4 . zation ratio of 10 dB. With the slit, the cross-polarization ratio in the microwave measurement was 40 dB, After the microwave tests, a scaled down integrated-circuit version was then built for a wavelength of 800 pm.
III. FABRICATION
The array is fabricated with only one mask and one photoresist exposure by a shadowing technique. The idea is to use a 2-pm wall of photoresist to cast a shadow during the silver evaporation.
The photoresist pattern has openings for both the antennas and a 3-pm-wide channel connecting the antennas (Fig. 6(a) ). Chlorobenzene is used to make an overhanging lip on the photoresist to aid the lift-off process [14] . A silver layer 80-nm thick for the antennas is evaporated first at a 70°angle. The photoresist wall casts a shadow so that no silver reaches the substrate in the channel. Then 200 nm of bismuth is evaporated at normal incidence. The photoresist is removed, leaving behind an antenna array with bismuth bolometers where the channels were previously. One problem arose in fabrication. Often silver strips formed along the wall of the photoresist channel. These did not break when the photoresist was removed and shorted out the bismuth bolometers. This problem was solved by making corners in the photoresist pattern to break the silver strips, so that they are removed with the photoresist (Fig. 6(b) ). 
NEAR-MILLIMETER WAVE EXPERIMENTS
ArfD RESULTS
A polarimeter antenna array was tested at a wavelength of 800~m in the optical system shown in Fig. 7 . The source was a Thomson-CSF carcinotron.
A wire-grid polarizer ensured that the beam was linearly polarized [16] . Both the collimator lens and objective lens were made of polyethylene and had a diameter of 11.5 cm and a focal length of 12.7 cm. The beam was chopped at 100 Hz. A .~l oo L . ,, crystal-quartz half-wave plate (8.42 mm thick) was used to rotate the polarization a known amount [17] . The fusedquartz substrate lens had a diameter of 25 mm. The signal was measured by a model 5204 PAR lock-in. About 5-mW power reached the objective lens. The system responsivity was 0.5 V/W for a 90-Q bolometer biased at 150 mV. The system~x was 0.8. For general polarization and intensity imaging, the spacing between the antennas for video detection should be no more than 0,2 A~. In our experiments, however, the intensity varied slowly across the array and the polarization angles were small, so that the required spacing is four times larger, 0.8 Ad. Our array spacing, 0.5 Ad, satisfied this more relaxed criterion.
Several different measurements were made, including a check to see that the antennas were linearly polarized, a test of the array's response to small angular changes in polarization, and an imaging experiment with a step change in polarization to show the resolution of the array. From the measurements, the polarization axis was found to be 38°to the left from the @xis as shown in Fig. 2 for the left-leaning antenna and 38°to the right for the right-leaning antenna. Fig. 8 shows the response of a single antenna to different polarization angles. Comparison with the theoretical cosine-squared curve shows that the antennas are linearly polarized. In the next measurement, the polarization across the object plane was constant, and could be varied by rotating the half-wave plate. Fig. 9 (a) shows the measured polarization angle from the array for one setting of the half-wave plate. The standard deviation of the data is 0.8°. The change in the measured polarization angle when the half-wave plate was rotated is shown in Fig. 9(b) .
Here the standard deviation among the data in measuring a 60 change is 5 arc rein, and their average value differs from the theoretical value by 7 arc min.
Finally, the antenna array imaged the chevron aluminum grid shown in Fig. 10 . After the wave passes through the array, the electric field is perpendicular to the metal lines. This causes a 20°step change in polarization at the center of the chevrons. Fig. 11 shows the polarization image, along with the images predicted by geometrical optics (a step change) and by diffraction theory for diffractionlimited optics, which can be shown to be +(x) = tan-l [:si(+) 
